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THIN FILM HEATING ELEMENT 



10 BACKGROUND OF THE INVENTION 

This invention relates to heating elements of the kind including an electrically 
5 conductive metal oxide film on an electrically insulating substrate. 

Such devices are known, and may for example consist of a thin film of tin oxide 
deposited on a glass substrate by means of pyrolitic deposition. 

] 0 If such thin film heating elements are to be used in electrical appliances such as 

cooktops, it is desirable that they be capable of operating at high temperatures, up to 
650°C, In applications such as electric kettles where the heating element is small, the 
element must be capable of handling high power densities, of the order of 10- 20 
Watts cm" 2 . Prior art devices have not proved satisfactory in these conditions. It has 
15 been found by the present applicants that tin oxide layers tend to become unstable 
30 with increasing temperature, due to the tendency for the oxide to change state. It has 

also been found that where fluorine is employed as an electron donor or conductivity 
carrier the properties of the film change irreversibly with increasing temperature, 
apparently due to the fluorine tending to leave the film at temperatures above 400°C. 



35 2Q 



40 



We have also found that the tin chloride solutions used in the prior art, for example in 
the spray pyrolysis process, are not stable in conditions of high humidity due to their 
hygroscopic properties, and this can lead to lack of uniformity in the oxide films 
produced. 



25 



US Patent No. 4,889,974 of Auding, etal. describes thin film elements intended for 
45 temperatures beyond 600°C, using oxide films doped at high levels with pairs of 

compensating foreign atoms. The metal oxide films are doped with, maximally, 10 
mol % of each of the foreign atoms compensating each other in pairs, the quantity of 
^ 30 said acceptor- forming elements and said donor-forming elements differing maximally 
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by 10%. The Auding patent describes the use of indium, boron, aluminium or zinc as 
the acceptor-forming dopant, and antimony or fluorine as the donor-forming dopant. 

However, these Films using stannic chloride have been found to be difficult to deposit 
5 in humid atmospheres and have been found to be unstable in the power densities of 
approximately 20 Watts per cnr required for rapid rise-time applications. 

To the applicants' knowledge the films described in the Auding patent have not seen 
commercial use and are known only from this document. 

10 

SUMMARY OF THE INVENTION 

The present applicants have found that a metal oxide layer of satisfactory stability in 
high power density applications may be obtained by doping with at least one and 
1 5 preferably two rare earth elements. The rare earth dopants are preferably cerium and 
lanthanum. Preferably these two rare earths are present in substantially equal 
concentrations. The presence of the rare earth dopants in the thin film layer has been 
found by the present applicants to have the effect of stabilising the oxidation state of 
the metal. 

20 

We have also found that stability at high temperatures may be obtained by further 
doping with equal quantities of donor and acceptor elements, and by avoiding the use 
of fluorine as a dopant. The preferred donor and acceptor elements for this purpose 
are respectively antimony and zinc. 

25 

In one aspect, the invention resides in a thin film electrical heating element including 
a layer of an electrically conducting metal oxide on an electrically insulating substrate, 
said metal oxide layer being doped with at least one rare earth element. 

30 Preferably the metal oxide is deposited on the substrate by pyrolysis of an 
organometallic base solution containing the at least one rare earth element. 
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In a preferred form the metal oxide layer is tin oxide and contains two rare earth 
elements such as cerium and lanthanum. 

This aspect of the invention provides a thin film heating element which is capable of 
withstanding power densities of up to 10-20 Watts cm" 2 and/or temperatures in excess 
of600°C. 



In another aspect, the invention resides in a method for the manufacture of a thin film 
heating element including the step of depositing a layer of metal oxide onto an 
20 io electrically insulating substrate by pyrolysis of an organometallic base solution 

containing at least one rare earth element. 
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Preferably the base solution contains both cerium and lanthanum in concentrations up 
to 5 mol %. 



We have found that superior results can be obtained if the film is prepared by spray 
30 pyrolysis from a solution of monobutyl tin trichloride. The stability of this material in 

high humidity enables consistent results to be obtained across varying atmospheric 
conditions, by reducing premature oxidation. 

20 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 i s graph showing the power dissipation versus time relationship for a thin film 
40 heating element made according to the invention. 
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Fig. 2 shows the relationship between temperature and power at steady state for five 
elements having power ratings between 500 and 1330 watts. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

While some benefit will be obtained from quite low concentrations of the rare earth 
dopant, minimal effects will be observed with concentrations in the pyrolysis solution 
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of 0.01 mol %, preferred concentrations of each of the cerium and lanthanum are 
between approximately 1.25 mol % and approximately 3.75 mol %. Preliminary tests 
have shown that stability of the metal oxide layer is maximised when substantially 
equal concentrations of two rare earth elements, such as cerium and lanthanum, are 
5 used. Generally speaking the concentration of these rare earths will be chosen as that 
which contributes to film stability at the power densities for which the film is 
intended. Best results for films intended for operation at 20 Watts cm" 2 have been 
obtained using equal concentrations of approximately 2.5 mol %. 
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10 The film is preferably doped with substantially equal quantities of donor and acceptor 
elements, the preferred dopants being antimony and zinc. The concentrations of both 
antimony and zinc will be influenced by the resistivity which is required. We have 
found base solution concentrations for these materials in the region of 2.8 mol % to be 
suitable for heating clement applications. 



A useful characteristic of such films in their application as heating elements arises 
30 from the positive temperature coefficient resistance of the film. This enables elements 

to be produced which are self-regulating, in that they will initially operate at a higher 
wattage and, with increasing temperature, stabilise at the lower design wattage. 

20 

35 The substrate material will of course be chosen to suit the application. Suitable 

substrates include glass ceramics, silicon nitrides and other ceramic substrates as well 
as metallic substrates coated with high-temperature stable, electrically-insulating 
materials. 

40 

25 

The preferred substrate temperatures for applying the base solution with dopants range 
from 500 to 750°C. Preferably, for application at 500°C > post annealing at 
45 approximately 600°C for at least one hour is carried out to assist in stabilising the 

film. 
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Films according to this invention were manufactured from a solution using the spray 
pyrolysis process. For this purpose, monobutyl tin trichloride was used as a base 
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solution, with 2.8 mol % antimony chloride, 2.8 rrtol % zinc chloride, 2.5 mol % 
cerium and 2.5 mol % lanthanum. 



These films were fabricated with effective resistances of 26 ohm, 30 ohm and 45 ohm 
5 to enable heaters of 2.2 kW, 1 .8 kW and 1 .2 kW respectively to be used, powered by a 
240V mains supply voltage. The films were selectively deposited using high 
temperature masking inks which were removed by brushing after deposition of the 
film. The films deposited had a high degree of transparency. The resistive properties 
of the heating elements remained unchanged after 3500 cycles (40 minutes on and 20 
20 10 minutes off) at 650°C. 

As indicated above, the positive temperature coefficient of resistance of these 
elements enables a self-regulating characteristic to be obtained, with an initially high 
power dissipation which may be of advantage in achieving more rapid rise to 
1 5 operating temperature. Fig. 1 shows the typical behaviour of the elements, where 
power dissipation is plotted against time of operation. As will be observed, the 
30 dissipation of the element commences at a high level and decreases as the resistance 

of the element increases with temperature, until a steady state condition is achieved at 
the design power consumption. Upon temporary cooling of the element, for example 
20 through contact with a cooler body to be heated, power dissipation will temporarily 
35 increase, assisting in achieving rapid heating. 

Fig. 2 shows the relationship between temperature and power at steady state for five 
40 elements having power ratings between 500 and 1330 watts. 

25 

Life tests have shown that the films are particularly stable on inert substrates like 
quartz 96% silica in temperatures up to 65 0°C with power densities in excess of 
45 15.5W/cm 2 . The films on lower grades of glass ceramics having alkali impurities 

such as lithium and sodium were stable to 500°C at extremely high power densities. 



30 
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Sheet resistances varying from around 60 ohms to above 400 ohms have been 
fabricated by varying the number of spray passes. The thin film thickness could be 
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varied between 2000 Angstrom Units to around 14000 Angstrom Units by varying the 
number of spray passes. The films were deposited on various substrates including 
glass ceramics, alumina, silica glass and silicon nitride. 

As well as their suitability in high temperature and/or high rise time applications, 
films made in accordance with the invention may be used in low temperature 
applications, such as comfort heating, refrigerating defrost, and general heating. 
Heating elements of tubular shape manufactured using the above technology can be 
used in heat exchangers for flow applications, air-conditioning re-heaters, hair dryers, 
washing and drying appliances, and can also be used as radiating surfaces. 

While particular embodiments of this invention have been described, it will be evident 
to those skilled in the art that the present invention may be embodied in other specific 
forms without departing from the essential characteristics thereof. The present 
embodiments and examples are therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being indicated by the appended claims 
rather than the foregoing description, and all changes which come within the meaning 
and range of equivalency of the claims are therefore intended to be embraced therein. 



5 



WO 00/18189 



7 



PCT/AU99/00791 



CLAIMS 

10 1 . A thin film electrical heating element including a layer of an electrically 

conducting metal oxide on an electrically insulating substrate, said metal oxide layer 
5 being doped with at least one rare earth element. 

15 

2. A thin film heating element according to claim 1 wherein said metal oxide 
layer includes at least two rare earth elements. 

20 1 0 3. A thin film heating element according to claim 2 wherein said two rare earth 

elements are present in said metal oxide layer in substantially equal concentrations. 
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4. A heating element according to claim 2 or 3 wherein said at least two rare 
earth elements include both cerium and lanthanum. 

5. A heating element according to claim 1 wherein said metal oxide is tin oxide. 



6. A heating element according to claim 2 wherein said metal oxide layer further 
includes substantially equal quantities of donor and acceptor elements. 

20 

35 7. A heating element according to claim 6 wherein said donor and acceptor 

elements are respectively antimony and zinc. 



8. A heating element according to claim 6 wherein said metal oxide layer is 
25 substantially free of fluorine. 



9. A heating element according to claim 1 wherein said heating element is stable 
45 at a power density of 20 watts cm' 2 . 

30 10. A heating element according to claim 1 wherein said heating element is stable 
^ at a temperature of 650°C, 



55 



WO 00/18189 PCT/AU99/00791 



10 



15 



25 



} 1 . A thin film heating element according to claim 1 wherein said metal oxide is 
deposited on said substrate by pyrolysis of an organometallic base solution containing 
said at least one rare earth element. 

12. A thin film heating element according to claim 1 1 wherein the or each rare 
earth element is present in said solution at a concentration up to 5 mol %. 



13. A thin film heating element according to claim 12 wherein said at least one 
20 io rare earth element includes both cerium and lanthanum. 



14. A thin film heating element according to claim 13 wherein cerium and 
lanthanum are each present in said solution in the range of approximately 1 .25 mol % 
to approximately 3.75 mol %. 



15 



15. A thin film heating element according to claim 14 wherein the concentration of 
30 each of cerium and lanthanum in said solution is approximately 2.5 mol %. 

16. A thin film heating element according to claim 1 1 wherein said solution 
20 further includes substantially equal quantities of donor and acceptor elements. 

35 

17. A thin film heating element according to claim 16 wherein each of said donor 
and acceptor elements are respectively antimony and zinc and are each present in said 

40 solution at a concentration of approximately 2.8 mol %. 

25 

18. A thin film heating element according to cLaim 11 or 1 3 wherein said base 
solution is monobutyl tin trichloride. 

45 

19. A method for the manufacture of a thin film heating element including the step 
30 of depositing a layer of metal oxide onto an electrically insulating substrate by 

pyrolysis of an organometallic base solution containing at least one rare earth element. 

50 
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20. A method according to claim 1 9 wherein said solution contains at least two 
rare earth elements. 

21. A method according to claim 20 wherein said two rare earth elements are 
5 present in said solution in substantially equal concentrations. 

22. A method according to claim 19 wherein said at least one rare earth clement is 
present in said solution in the range of approximately 1.25 mol % to approximately 
3.75 mol%. 

20 10 

23. A method according to claim 20 wherein said at least two rare earth element 
includes both cerium and lanthanum. 

24. A method according to claim 23 wherein said cerium and lanthanum are each 
15 present in said solution in substantially equal concentrations. 

30 25. A method according to claim 19 wherein said base solution is monobutyl tin 

trichlorde. 

20 26. A method according to claim 19 wherein said solution further includes 
35 chlorides of at least one donor and at least one acceptor element, said donor chlorides 

and acceptor chlorides being present in said solution in substantially equal 
concentrations. 

40 

25 27. A method according to claim 26 wherein said donor chloride is antimony 
chloride and said acceptor chloride is zinc chloride. 

45 28. A method according to claim 19 wherein said solution is substantially free of 

fluorine. 

30 

50 
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29. A method according to claim 1 9 further including the step of annealing said 
metal oxide layer on said substrate for at least one hour at a temperature higher than 
the substrate temperature used during said pyro lysis. 
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Application Number 09/787,496 

. and was amended on ; 

(if applicable) 

Thereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 

. nereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
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POWER OF ATTORNEY: As a named inwitor, 1 hemby appasni the fo&towing attorney^) and/or 
agant(s) to prosecute this appKcaSion and tr$ft$&d alt business in the Patent and Trademark Office 
connected therewith. (Itei mrm and mgfatmtfan number) 
Dorscy & Whttn*y IX? ~ Crotomar 



Send Correspondence to; 0%smn 

Dgmy & WMtncy LLP 
Customer No. 



Direct Telephone Calls to: (nmmv m$ tetephom nurnhQr) 
Le* Chroao (303) 629-3400 



6*! 



j FuiJ name of aot« or firs* iovwitar 
f Keith Mario TORP^ 



Sojg or flret invertictrts sienaturo 

K 

Residence 

Beecro 



ft, Australia 



citizenship 
Australian 




Post Office Address 

22a Kirkharo Street 



Beecroft, NSW 2119, Australia 



u ft. — — 1 ~ ™ 

I ; F Jil na/ne of second iinwantor- if anv 

I 

M 
i 

A - 
£1 I 



5 



Sac&ui inventors signature " Date" 



^ .i i 



^ | Pn^t Ofltee Address 



i 



■OAS "^'-$3 us A'Q, 



,11, ,;' v ILJ „JL 



10032.00 



ADDED PAGE TO COMBINED DECLARATION 
AND POWER OF ATTORNEY FOR SIGNATURE BY JOINT INVENTOR(S) 
ON BEHALF OF NONSIGMNG INVENTORY) WHO REFOSE(S) 
TO SIGN OR CANNOT RE REACHED (37 CFR L47<P» 



•37 OFA 5 «W am* W USLCL S 77« J 2 ioqunt g* Ml* jtint kmnfm* to *m m 

«cpfrr*T" ^*^^^ ^iimdM mndanb^mtl^miOMI u smn ^ ^ 'Canaot 9m ***** or 

odL, fM 9 (oinpfiwfc additfl. Swato 62 AdL flaflL 53,737. 5X737. 203 OA 08 (Oct, 70. TSTOJl 
t i am an above nanral Joirt Inventor and have signed thb declaration on my awn behalf 
and also sign this declaration under 37 CFR 1.47(a) on behalf of the nonaigning Joint 
_ Inventor particulars far whom are: 

/i^ F^nroofqiiA wcoi^ M ^Mj t- 

nonstgntng Inventor who , *~ - 

□ refuses to sign 
® cannot be found or reached 
MOTE 71tonmoftoi»nsfc^A»anft^ 



Country of Citizenship afncnsigning 

Australia ^ . 

Last *no*r> address <tf Mnsffffsna/ inverttor 

59 Garfield Avenue. Bonnet. Bav. NSW. 2226, Australia 

(VOTE QifAM^.^Jmte»M«dtta«i^te«WtoAnam«iasM^lto 

■ fadr at JteuflfetanC Offwif nftJ urn i at wMcii tfw nrm / fp ^m hmm^atf^ iiwyto iwcharf jhtmdd 
ba&m. Ttesa cm tesrft* 0man A) tto Stvtennnf Of Rtcttfri Support OfFm^ On BatUifOT 



UPB>$40)JX3H mm*. 

IL Accompanying this declaration Ik 

(1) A STfiTEM&IT OF FACTS IN SUPPORT OF RUNG ON B&^M-F OF NONSK3N- 
1NG INVENTOR 

(2) the petition of sisodp (37 cfr 1.17© 

Keith Mario TORPY _____ 



ftp* or print mm of Joint 
<4biui0 on 




22a Kirkham Street 



Beecroft 2119 NSW 
Australia 



(Added Page to COmfanad Dac tara tto t i and Power of Attorney For Stratum By One Joint Inventor on Oahatf 
of N ona tgnir q tmantoifat Who Rdkise(4 to San or Cannot Be no a rhnrt p q psqu 1 of 1) 



